T HE AMERICAN ACADEMY of Pediatrics recommends that infants receive only breast milk for their first 6 months of life, with continued breast milk throughout their first year. 1 Achieving this goal can require mothers to overcome logistic barriers such as separation from their infant and physical challenges such as mastitis. Milk expression, by hand or with a pump device, may help mothers to overcome some obstacles to successful breastfeeding and, therefore, increase breastfeeding duration. 2 Expressing and feeding breast milk from a bottle is a qualitatively different experience from breastfeeding directly from the breast. Although feeding expressed milk mitigates a few advantages of the nutritional components of the milk, even from a bottle, human milk feeding is superior for infants compared with infant formula. [3] [4] [5] Little is known about the prevalence of milk expression and the reasons that mothers express milk for term singletons. In this article we estimate the prevalence of any, occasional, and regular milk expression according to mother and infant characteristics; describe the reasons that mothers say they express milk; and identify the maternal and infant characteristics associated with any breast milk expression (compared with none) and with breast milk expression on a regular schedule (compared with occasional breast milk expression) among breastfeeding mothers of infants in 3 successive age groups.
near-term or term singleton infants. The research was approved by the Food and Drug Administration Research Involving Human Subjects Committee. The study methodology and characteristics of the sample are described in detail elsewhere in this supplement. 6 Detailed questions about breast milk expression were asked on 3 questionnaires, sent to mothers at approximately 2, 5, and 7 months postpartum. On the month 2 questionnaire, mothers who had ever breastfed were asked certain questions about milk expression since their infant was born. Questions included whether she ever expressed milk and, if so, the method used to express milk since the infant was born; how many breast pumps she used since the infant was born; and what type of breast pump she used most often. On the month 5 and 7 questionnaires, these same questions were asked only of mothers who had breastfed in the previous 3 or 2 months, respectively, and for each question the reference period "since your infant was born" was replaced with "in the past 3 months" or "in the past 2 months," respectively. On all 3 questionnaires, these mothers were asked how old their infant was the first time they expressed milk successfully or tried to do so; how many times they expressed milk in the previous 2 weeks; for what reasons they expressed milk in the previous 2 weeks; and whether they were now expressing milk on a regular schedule and, if so, how old the infant was when they first began doing so. The analysis cohort was limited to mothers who indicated that they had not stopped breastfeeding at the time they answered a questionnaire. Questions that asked about a limited time, such as the "past 2 weeks" or "now" do not capture all practices since the previous questionnaire.
Questionnaires were mailed out twice each month, ϳ2 weeks apart. Therefore, mothers could have received a questionnaire ϳ1 week earlier or later than the infant's target age. Regardless of when the mothers received a questionnaire, they may have completed it at varying times afterward.
Using the actual age of the infant at the time the mother completed the questionnaire, we defined age cutoffs for the data from each of the 3 questionnaires. The cutoffs omitted outliers and allowed for the analysis of behaviors when the infants were in 3 mutually exclusive age groups: 1.5 to 4.5 months, Ͼ4.5 to 6.5 months, and Ͼ6.5 to 9.5 months. In the youngest age group, 1564 mothers were breastfeeding, 1315 had successfully expressed milk since their infant was born, and 1071 had expressed milk within 2 weeks of answering the month 2 questionnaire. In the middle age group, 1128 mothers were breastfeeding, 845 had successfully expressed milk in the previous 3 months, and 653 had expressed milk within 2 weeks of answering the month 5 questionnaire. In the oldest age group, 914 mothers were breastfeeding, 530 had successfully expressed milk in the previous 2 months, and 443 had expressed milk within 2 weeks of answering the month 7 questionnaire.
We used frequency and logistic regression procedures for the analyses. For the comparison of continuous variables, we used t and nonparametric tests of statistical significance. For the comparison of categorical variables, we used 2 and Fisher's exact tests of statistical significance. Stepwise multiple logistic regression was used to identify factors associated with any milk expression among those mothers who were breastfeeding their infants in each of the infant age groups. Variables considered included mother and infant demography (mother's age, race, education, income, employment status, geographic region, and infant gender); characteristics of the infant's birth and health (near-term or term gestation, type of delivery, and whether the infant had an infection in the previous 2 weeks); mother's prenatal intent to 
FIGURE 1
Percentage of breastfeeding mothers who had successfully expressed milk, according to method of milk expression and infant age group. The 1.5-to 4.5-month sample is based on breastfeeding mothers who responded about methods used to successfully express milk since their infant was born; the Ͼ4.5-to 6.5-month sample is based on mothers who responded about methods used in the previous 3 months; and the Ͼ6.5-to 9.5-month sample is based on mothers reporting about methods used in the previous 2 months. Samples are smaller than the total of those who had successfully expressed milk during a given period (1315, 845, and 653, respectively, for the successive age groups) as a result of question nonresponse. Respondents could mark all answers that applied; therefore, percentages in each age group do not sum to 100%. a Combination pumps were defined as both electric and battery operated. 
FIGURE 2
Breastfeeding mothers' prevalence of breast milk expression in the previous 2 weeks, according to infant age group.
breastfeed; embarrassment over breastfeeding in public; and previous breastfeeding experience. Stepwise multiple logistic regression was also used to identify factors associated with the mothers' regular breast milk expression, compared with occasional expression, in each infant age group. For this analysis, in addition to the variables listed above, we also considered the type of pump device used most often and infant age at first breast pump use. A variance inflation factor was used to identify collinearity between variables, and the potential interaction effects (demography and mothers' breastfeeding and milk-expression behavior) were explored with the likelihood ratio test by fitting the interaction term into the model one by one. The final models were chosen to include all the variables that were significant for at least 1 infant age group. The analyses were conducted by using SAS 9.1 (SAS Institute, Inc, Cary, NC) and Stata 8.0 (Stata Corp, College Station, TX).
RESULTS
Most mothers who breastfed their infant also expressed milk. Of the 1564 mothers who breastfed their infant in the 1.5-to 4.5-month age group, 85% had successfully expressed milk since their infant was born, and 2% tried but failed to express any milk. Of these 1315 mothers who had successfully expressed milk, more than half of Includes only significant characteristics. Characteristics that we analyzed but that were not significantly associated with differences in not expressing milk, expressing occasionally, and expressing regularly were mothers' age, race, and prenatal intent for exclusive breastfeeding, whether the infant had an infection in the previous 2 weeks, and the infant's gender. WIC indicates Supplemental Nutrition Program for Women, Infants, and Children. a Sample sizes for some characteristics are Ͻ1493 as a result of missing data. b Of the 1564 mothers in the sample who were breastfeeding, this analysis includes only those who responded to questions on whether she had expressed milk. c Includes mothers with no other children and mothers with other children whom they did not breastfeed.
them first expressed milk when their infant was Ͻ1 week old. Among the 820 mothers who were continuing to breastfeed on the 2-, 5-, and 7-month postpartum questionnaires, 92% had expressed breast milk at some time. Electric pumps were the most widely used method for expressing milk in all of the age groups, followed by manual pumps (Fig 1) .
Prevalence of Any, Occasional, and Regular Breast Milk Expression
Of the 1493 breastfeeding mothers of infants in the 1.5-to 4.5-month age group with complete data on the relevant questions, only 32% had not expressed milk in the previous 2-week period, whereas 43% had expressed milk occasionally, and 25% had expressed milk on a regular schedule. As the infants aged, a similar percentage of breastfeeding mothers expressed milk on a regular schedule, and a greater percentage did not express milk at all (Fig 2) . The percentages of mothers not expressing milk, expressing milk occasionally, and doing so on a regular schedule in the previous 2 weeks differed significantly depending on several maternal characteristics. Table 1 lists these characteristics for mothers of infants in the 1.5-to 4.5-month age group. Many of the same maternal characteristics were associated with the prevalence of breast milk expression among mothers of infants in the older age groups (data not shown). The exceptions among mothers of infants in the Ͼ4.5-to 6.5-month age group (n ϭ 1090) were that there were no significant differences based on mothers' embarrassment of breastfeeding in public and infants' length of gestation. Among mothers of infants in the Ͼ6.5-to 9.5-month age group (n ϭ 891), there were 2 additional characteristics that were no longer significantly associated with the prevalence of milk expression: region of residence and how the infant was delivered.
Reasons for Pumping
The mothers who expressed milk in the previous 2-week reference period for each questionnaire were asked to mark all reasons that applied to their decision. Mothers expressed milk for various reasons. In all 3 age groups, the most frequently cited reason for expressing milk was to allow someone else to feed the infant expressed breast milk. Another prominent reason in all 3 age groups was to have an emergency supply of breast milk. In the 2 older age groups, milk expression was used by more than one third of the mothers to get milk to mix with cereal or other foods (Table 2) .
Factors Associated With Any and Regular Breast Milk Expression in 3 Infant Age Categories
In multivariate logistics regression analyses, the factors independently associated with a greater likelihood of any breast milk expression, compared with no milk expression, among mothers of infants in all 3 age categories included a household income of Ͼ350% of poverty level compared with Ͻ185% of poverty level, living in the Midwest compared with the West, having no previous breastfeeding experience, and maternal employment. Additional factors were significantly associated with the likelihood of any milk expression in 1 or 2 infant age groups (Table 3) . In multivariate logistic regression analyses, factors independently associated with a greater likelihood of expressing milk on a regular schedule, compared with occasional expression, among mothers of infants in all 3 age categories included maternal employment and use of an electric pump versus a manual pump. Additional factors were significantly associated with expressing milk on a regular schedule in 1 or 2 infant age groups (Table 4) .
DISCUSSION
Milk-expression devices have been used for centuries to help mothers redress immediate challenges to breastfeeding, such as engorgement and inverted nipples. Significant recent advances in breast pump technologies have now made these devices able to more effectively redress long-term challenges such as regular, extended separations from the infant for work. [7] [8] [9] These recent technical advances could contribute to increased rates of milk expression, as suggested in previous research. 5 The overwhelming majority of breastfeeding mothers in the IFPS II expressed milk and initiated doing so when their infants were very young. This result suggests that milk expression is a normalized aspect of breastfeeding behavior and provides context for health professionals who counsel breastfeeding mothers. However, it is important to note that the IFPS II sample is not nationally representative. Compared with members of a nationally representative sample from the National Survey of Family Growth, IFPS II participants were older, more educated, had fewer children, were more likely to be white, employed, and middle income, and were less likely to smoke. 6, 10 Compared with women participating in the National Immunization Survey who gave birth in 2004, IFPS II mothers were more likely to breastfeed and to continue doing so longer. 6, 11 Mothers in the IFPS II reported expressing milk for several different reasons associated with common logistic and physical barriers to breastfeeding. Maternal employment, a common reason a mother might be separated from her infant, was the characteristic most strongly associated with expressing milk. Employed mothers of infants in the 1.5-to 4.5-month age group were twice as likely to express milk as those who were not working. Employed mothers were 4 to 6 times more likely to express milk regularly than occasionally, compared with mothers who were not employed. A finding consistent with the strong effect of maternal employment is that the most frequently cited reason mothers expressed milk was to get breast milk for someone else to feed their infant, presumably, but not necessarily, in their absence. Half of the mothers in the United States with infants under 1 year old are employed, and one third are employed full-time. 12 Employment is negatively associated with breastfeeding duration. 13 For mothers whose work separates them from their infants, milk expression can help them continue to provide their infant with their milk and maintain their breastfeeding relationship when they are not separated.
Another frequently reported reason for expressing milk was to have an emergency supply. Having a readily available extra supply of their milk on hand may help mothers achieve their breastfeeding goal or extend the duration of their breastfeeding. Such a supply is useful for situations such as unplanned separations from the infant, mothers' need to take medications contraindicated for breastfeeding, or to replace milk lost to accidental spillage or spoiling.
Having no previous breastfeeding experience increased the likelihood of milk expression. This result may reflect a lack of confidence in the ability to breastfeed successfully among mothers who are new to breastfeeding that manifests itself in milk expression to have an emergency supply. However, this association may be confounded by the relationship between primiparity and longer duration of labor, which is associated with increased risk of delayed lactation onset. 14 Milk expression can be recommended to women experiencing delayed lactation onset as a strategy to expedite the process. 15 Unplanned cesarean birth is another risk factor for delayed lactation onset. 14 In this analysis, cesarean delivery and vaginal delivery with pain medication were associated with a greater likelihood of expressing milk among the mothers of infants in the younger age groups.
The increased likelihood of expressing milk regularly, compared with occasionally, when using an electric pump could be explained by the characteristics of these pumps, which are often designed for frequent and regular use. Electric pumps are considered to be the best choice for most situations for which mothers may need to pump. With a manual pump, only 1 breast can be expressed at a time and it may be hard for a mother to reach the suck frequency and pressure required for efficient emptying, which makes these pumps both time and labor intensive. Manual pumps may be an appropriate choice for occasional use but difficult for mothers who pump often. Battery-powered pumps may not offer enough suction pressure for mothers who need to collect a high volume of milk. 16 
CONCLUSIONS
The results from this analysis suggest that milk expression could be a strategy to help mothers continue to breastfeed and to provide their milk to their infant, but additional research is needed to understand whether milk expression helps mothers to achieve their breastfeeding goals.
